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Background: The elephant trunk technique with a free-floating vascular prosthesis
was originally developed to facilitate a subsequent operation on the downstream
aorta. We present here our experience with further developments of this technique,
which we call the reversed elephant trunk and bidirectional elephant trunk.
Methods: Between January 1, 1995, and December 31, 2000, 505 adult and ado-
lescent patients underwent operations of the thoracic aorta. A reversed elephant
trunk procedure in 13 patients and a bidirectional elephant trunk procedure in 4
patients was performed to facilitate either subsequent proximal or proximal and
distal aortic replacement. Nine patients underwent subsequent aortic arch
replacement with the reversed prosthetic portion after a mean interval of 8 ± 5.5
months, and 2 patients received distal extension by use of the distal portion of
the free-floating graft.
Results:  There was no hospital mortality (30 days) in this small group of patients,
and no patient had aortic rupture, malperfusion caused by the technique itself, or
thromboembolic complications during the waiting interval between the first and the
second operations. Five patients are still being observed until the contiguous aortic
size is large enough to require an operation, and one 74-year-old patient declined a
second-stage operation.
Conclusion: The reversed and bidirectional elephant trunk techniques are inter-
esting options that may be suitable for patients having complex abnormalities of
the thoracic aorta and thoracoabdominal aorta when the proximal portion of the
descending aorta has to be replaced before the aortic arch with or without the
ascending aorta or the distal descending aorta with or without the thoracoab-
dominal aorta.
Aneurysms of the aortic arch and descending aorta may be limitedto this portion of the aorta, but in a significant proportion of thepatients, they may involve several parts of the thoracic aorta. Theearliest experience with staged repair of the aorta from the coro-nary ostia to below the middle portion of the descending aortawas fraught with problems of bleeding and lack of adequate cere-
bral protection. The elephant trunk technique with a free-floating vascular prosthe-
sis was originally described by Borst and colleagues1,2 to facilitate subsequent oper-
ation on the downstream aorta. The elephant trunk can be placed within the
proximal descending aorta as an extension of aortic arch replacement (ie, the prox-
imal elephant trunk technique) or more distally as an extension of a descending tho-
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racic aortic graft (ie, the distal elephant trunk technique).
Since the initial report, several modifications have been
reported by different groups.3-7
In 1996, our group presented further refinements of this
technique, which we called the reversed and bidirectional
options, at the Fifth Aortic Surgery Meeting in New York,
and the procedure was used in 3 patients. Since this initial
report, we have performed this technique in 17 patients with
extensive aortic disease, especially when the proximal
descending aorta had to be replaced first.
Patients and Methods
Between January 1, 1995, and December 12, 2000, 505 adult and
adolescent patients underwent operations on the thoracic aorta. A
reversed elephant trunk procedure in 13 patients and a bidirectional
elephant trunk procedure in 4 patients were performed to facilitate
either subsequent proximal or proximal and distal aortic replacement.
The main characteristics of these patients are summarized in Table 1.
All patients received conventional monitoring lines and a double-
lumen endotracheal tube. Rectal and tympanic temperatures were
monitored routinely. High-dose aprotinin (Trasylol; Bayer, AG,
Leverkusen, Germany) was used in all patients; in those undergoing
operations with a period of deep hypothermic circulatory arrest, apro-
tinin was started during rewarming. All patients of this series under-
went operations on the descending aorta through a left posterolateral
thoracotomy first. Cardiopulmonary bypass was instituted after can-
nulation of the external iliac artery and vein. Moderate hypothermia
(32°C-34°C) was used in patients in whom crossclamping of the
aorta was easily possible either between the left carotid and subcla-
vian arteries or below the left subclavian artery (n = 10). In all other
cases deep hypothermia (18°C-20°C) was used to allow open proxi-
mal anastomosis (n = 7). An additional arterial line to be used for
rewarming the upper part of the body was connected to the arterial
inflow of the perfusion system through a Y connector. Cooling and
rewarming were accelerated by addition of generous doses of phen-
tolamine into the bypass circuit to promote peripheral vasodilation. In
patients with aortic insufficiency only, a left ventricular vent was
introduced through the apex of the left ventricle. In patients requiring
circulatory arrest, thiopental (15-20 mg/kg) was injected 3 to 5 min-
utes before discontinuing extracorporeal perfusion.
The proximal anastomosis of the reversed elephant trunk was cre-
ated first by invaginating the future aortic arch graft into the descend-
ing aortic prosthesis (Figure 1, A). After deairing and flushing of
debris out of the aorta, proximal reperfusion was reinstituted at a flow
rate of 2.5 L/min through a 24F cannula introduced into the side arm
of the vascular prosthesis (Anteflow; Vaskutek, SulzerMedica,
Winterthur, Switzerland), with the tip of the cannula being advanced
into the distal aortic arch to prevent unfolding of the reversed graft
portion.
Thereafter, the graft was clamped distally to the side-arm connec-
tion, and the distal anastomosis was performed in an open fashion,
whereas the lower part of the patient’s body was exsanguinated. In 13
patients the distal anastomosis was performed in a conventional fash-
ion, whereas in 4 patients a distal elephant trunk (ie, the bidirection-
al elephant trunk) was created (Figure 1, B). These 4 patients had a
chronic aortic dissection; a large communication was created
between the true and the false channels by incising the intimal flap
over 5 to 6 cm below the distal anastomosis.
In patients with deep hypothermia, circulatory arrest was short-
er (20 ± 11 vs 35 ± 13 minutes), but the rewarming period (45 ± 14
minutes) was comparable with that necessary in a control group of
patients (n = 20) who underwent aortic arch replacement with the
classic elephant trunk technique through a median sternotomy (51
± 17 minutes).
The proper position of the elephant trunk was assessed intraoper-
atively by means of transesophageal echocardiography and postoper-
atively by means of computed tomography.
Nine patients underwent subsequent aortic arch replacement by
use of the reversed prosthetic portion after a mean interval of 8 ±
5.5 months. In these patients the second stage was performed
through a median sternotomy. Extracorporeal perfusion was insti-
tuted through cannulation of the ascending aorta and right atrium.
During deep hypothermic circulatory arrest, the invaginated
reversed elephant trunk was withdrawn from the proximal descend-
ing aortic graft with a nerve hook, unfolded, and used for arch
replacement. When the repair had to be extended into the ascending
aorta or into the aortic root, the arch graft was connected to anoth-
er supracoronary Anteflow prosthesis or to a composite graft.
Two patients received distal extension with the distal portion of
the free-floating graft after a mean interval of 14 ± 4 months. Both
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TABLE 1.  Main characteristics of the patients: preoperative
risk factors and most actual aortic disease
Male/female 14/3
Mean age (y) 61 ± 6.5
Arterial hypertension 13
Prior myocardial infarction 4
Nicotine 11
Diabetes 3
Cerebrovascular disease 1
Renal failure (creatinine > 200µmol/L) 2
Marfan syndrome 5
Disease of the descending aorta
Acute type B aortic dissection 2
Chronic type B aortic dissection 7
Intramural hematoma 1
Descending aortic aneurysm 7
Concomitant arch ± ascending aortic disease
Anuloaortic ectasia 
Between 4.5 and 5.5 cm 2*
>5.5 cm 2
Ascending aortic aneurysm
Between 4.5 and 5.5 cm 3*
>5.5 cm 4
Retrograde extension of dissection 2
Retrograde extension of intramural hematoma 1
Disease of the distal descending or abdominal aorta
Chronic dissection
True aneurysm
Below 4.5 cm 2*
>5.5 cm 2 
*Patients still being observed.
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underwent subsequent replacement of the suprarenal and infrarenal
aorta with a bifurcated graft, with reinsertion of the visceral branch-
es during a single crossclamping period.
Five patients are still being observed until the contiguous aor-
tic size is large enough to require an operation, and one 74-year-
old patient declined a second-stage operation.
Results
All data related to total perfusion time, circulatory arrest,
and aortic crossclamping time are summarized in Table 2.
There was no hospital mortality (30 days) in this small
group of patients. One patient had myocardial infarction;
another had a minor stroke but had completely recovered
by hospital discharge; and 2 patients had prolonged eleva-
tion of serum creatinine levels of greater than 200 µmol/L.
No patient had aortic rupture, malperfusion caused by the
technique itself, or thromboembolic complications during
the waiting interval between the first and the second oper-
ations. All patients were seen in our outpatient clinic or
were contacted for follow-up. After a mean observation
time of 22 ± 8 months, there was neither late mortality nor
significant complications.
Discussion
A substantial number of patients with disease of the tho-
racic aorta may have involvement of more than one aortic
segment and concomitant true aneurysmatic and dissect-
ing disease.8 In these patients staged aortic replacement
competes with single-stage aortic repair, which may be
associated with an increased perioperative risk mainly
determined by neurologic injury, parenchymal damage
to the left lung caused by retraction, and hemorrhagic
complications.
Usually, staged aortic repair consists of replacement of
the proximal lesion (ascending aorta–aortic arch) first,
followed by repair of the descending aorta after a short
Figure 1. Reversed (A) and bidirectional (B) elephant trunk techniques before the second step of the procedure.
In the reversed trunk technique the invaginated portion of the graft remains in the descending aortic graft; in the
bidirectional option the distal trunk is floating in the downstream aorta. Reprinted with permission from the
Society of Thoracic Surgeons (The Annals of Thoracic Surgery 1997;63:1755-8).
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recovery period. In this situation the classic elephant
trunk technique represents probably the most suitable and
reproducible option.
However, in some patients the descending aorta has to be
replaced first because of symptoms or local problems, such as
intramural hematoma, hemothorax, and contained rupture.
For patients with these symptoms, the reversed elephant trunk
technique is an interesting option that simplifies subsequent
aortic arch replacement because the distal anastomosis below
the left subclavian artery is already performed. We did not
observe any mechanical complications related to the length
and the position of the elephant trunk itself (eg, kinking or
obstruction or partial unfolding of the free-floating graft por-
tion). Surprisingly, no macroscopic clots were found between
the 2 layers of the graft, and clinically perceptible throm-
boembolic events were observed in this small series, despite
the fact that a majority of patients did not receive sodium war-
farin (Coumadin) treatment.
To prevent uncontrolled unfolding of the reversed elephant
trunk portion during the second step, we recommend cannu-
lating the ascending aorta for cooling of the patient.
We have successfully used this technique in patients with
chronic type A dissection and contained rupture of the
descending aorta, in those with type B dissection and retro-
grade extension into the aortic arch only, and in patients
with multifocal thoracic aortic disease in whom the
descending aorta had to be replaced first. Shiiya and col-
leagues9 reported a similar experience in patients with
Marfan syndrome. Although aortic arch repair after prior
replacement of the descending aorta is technically feasible,8
it is obvious that the presence of a reversible elephant trunk
shortens the period of circulatory arrest and the overall aor-
tic crossclamping time during subsequent aortic arch opera-
tion. Looking at our own experience, we are able to confirm
the following benefit: the mean circulatory arrest time for
the classic elephant trunk technique was 35 ± 13 minutes (n
= 20), whereas it was only 20 ± 11 minutes for the patients
in this series (P < .01). Because selective antegrade cerebral
perfusion is used only when a prolonged circulatory arrest
(>20-30 minutes) is anticipated, only a small number of
these patients received this type of cerebral protection.
In summary, the main advantages of the reversed ele-
phant trunk technique are as follows: (1) improved expo-
sure of the supra-aortic vessels as a result of elimination
of the distal aortic arch anastomosis; (2) reduction of the
circulatory arrest time required for subsequent complete
aortic arch replacement; (3) reduction of the risk of hem-
orrhage; and (4) combining of the reversed elephant trunk
technique with the distal technique (ie, the bidirectional
elephant trunk technique) for both proximal and distal
extension in a simple way.
Dedicated to Ulrich Althaus, MD, Professor of Surgery and for-
mer Chairman of the Department of Cardiovascular Surgery at the
University of Berne, Switzerland, in honor of his 65th birthday.
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TABLE 2.  Critical operative time and transfusion requirements
Crossclamping Blood loss Transfusion
CPB (min) DHCA (min) (min) (mL/24 h) (RBC + FFP/24 h)
First operation
Reversed elephant trunk (n = 13)
Moderate hypothermia (n = 8) 82 ± 21 37 ± 12 800 ± 220 920 ± 280
Moderate hypothermia + circulatory arrest (n = 5) 103 ± 19 17 ± 14 940 ± 190 990 ± 170
Bidirectional elephant trunk (n = 4)
Moderate hypothermia (n = 2) 93 ± 19 44 ± 16 840 ± 270 890 ± 310
Deep hypothermia + circulatory arrest (n = 2) 111 ± 14 15 ± 9 1050 ± 210 970 ± 260
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CPB, Cardiopulmonary bypass; DHCA, deep hypothermic circulatory arrest; RBC, red blood cells; FFP, fresh frozen plasma.
*DHCA period was significantly shorter than that required for conventional elephant trunk operation through sternotomy (35 ± 13 minutes).
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